The aim of this work was to produce a new filler for polymers in which a low surface activity is combined with a high degree of structure and functionalisation of the surface, which will bring the processing properties of filled rubber mixes closer to the properties of rubber mixes with channel carbon black. Carbon black grades currently produced do not always meet all the increasing user requirements regarding the properties of composite materials of different designation, and therefore attempts are being made to create functionalised modifications of them. Thus, in the production of rubber compounds, by using channel carbon black with a large number of oxygencontaining groups on the surface of its particles, an increase was observed in the intensity of its interaction with polymers having a low degree of unsaturation, such as butyl rubber, or having active functional groups [1] . High-temperature regimes for producing furnace grades of carbon black (over 1500°C in the reactor, 700-500°C after the reactor) are considerably higher than the temperatures of thermal degradation of the oxygen-containing functional groups: carboxyl groups (CGs), phenolic groups (PGs), quinone groups (QGs), and lactone groups (LGs). Therefore, the development of technologies for the low-temperature post-reactor oxidation of carbon black is an urgent task.
Carbon black grades currently produced do not always meet all the increasing user requirements regarding the properties of composite materials of different designation, and therefore attempts are being made to create functionalised modifications of them. Thus, in the production of rubber compounds, by using channel carbon black with a large number of oxygencontaining groups on the surface of its particles, an increase was observed in the intensity of its interaction with polymers having a low degree of unsaturation, such as butyl rubber, or having active functional groups [1] . High-temperature regimes for producing furnace grades of carbon black (over 1500°C in the reactor, 700-500°C after the reactor) are considerably higher than the temperatures of thermal degradation of the oxygen-containing functional groups: carboxyl groups (CGs), phenolic groups (PGs), quinone groups (QGs), and lactone groups (LGs). Therefore, the development of technologies for the low-temperature post-reactor oxidation of carbon black is an urgent task.
In the course of oxidation, active ions and ion radicals such as superoxides (O 2
•− ), hydroxyl radicals ( • OH), etc., are generated on the carbon surface, and these lead to the oxidation of the weakly acidic PGs formed at the first stage of the oxidative process to neutral QGs, and then to strong CGs and LGs [2] . The functional composition of carbon black changes in the course of the process, which results in familiar difficulties in the development of technology for its oxidation.
Taking ecological constraints into account, the most promising oxidant is hydrogen peroxide (H 2 O 2 ). The process of oxidation is complicated by the parallel occurring reactions of breakdown of H 2 O 2 within the apparatus and on the surface of the carbon black, which makes it difficult to control the functionalisation of carbon black and the process as a whole [3, 4] . However, H 2 O 2 does not choke up the product with other heteroatoms, and the products of its decomposition are safe for the environment [5] [6] [7] , while for the oxidation of carbon black on an industrial scale, no changes in the current production layout for granulation and drying are necessary [8, 9] .
In the development of the range of carbon blacks, an attempt has been made to create a new filler for elastomers -OMCARB S820 carbon black with a low surface activity, a high degree of structure, and considerable surface functionalisation, bringing the processing properties of rubber mixes and the mechanical properties of rubber compounds closer to the corresponding properties obtained with channel black. OMCARB S820 carbon black has no equivalent anywhere in the world, and according to classification ST SEV 3766-82 adopted for the designation of carbon black grades in Russia it corresponds to P605.
The aim of this work was to produce oxidised specimens of S820, to compare their properties with channel black K354 and furnace black N550, and to investigate the characteristics of rubber mixes filled with them.
The content of functional groups was determined by the titrimetric method [10] . The content of volatile products of carbon black during its calcination for 7 min at 950°C was determined by a procedure set out elsewhere [11] . X-ray phase analysis (XPA) was conducted on a D8 Advance X-ray powder diffractometer (Bruker, Germany) in monochromatised CuK α radiation.
The nanostructure of the globules and the morphology of the primary aggregates of carbon black specimens were investigated by high-resolution transmission electron microscopy (TEM) by the ASTM method [12] using a JEM 2100 electron microscope (JEOL, Japan) (accelerating voltage 200 kV and crystal lattice resolution 0.14 nm). In the opinion of Vander Wal and Tomasek [13] , the main characteristics of the carbon nanostructure are curvature and bending of the graphene layer.
Rubber mixes based on natural rubber (NR) of grade Clarimer L with the investigated carbon black specimens were produced on a laboratory mill to the standard formulation [14] and vulcanised by the ASTM procedure [15] . The processing properties of the rubber mixes were investigated using an MDR 3000 vibrorheometer and an MV 3000 viscometer (MonTech, Germany) [16, 17] . The physicomechanical properties of the vulcanisates were determined on a tensometer (Shimadzu, Japan), and dynamic mechanical analysis of the rubber compounds was conducted on a DMA 242D instrument (Netzsch, Germany).
From phase contrast images of the specimens under comparison, obtained with the same resolution, it can be noted that the nanostructure of S820 and K354 differs from the nanostructure of N550 in greater curvature and bending of the layers (Figure 1) . A feature of S820 is the small extent of the graphene layers, similar to K354, which creates the prerequisites for their identical functionalisation.
From Table 1 it can be seen that the S820 specimen has a considerably greater average aggregate size and polydispersity, which promotes acceleration of carbon black dispersion in the elastomer and an increase in the homogeneity of the filler particle distribution in the rubber compound [18] [19] [20] .
The low-temperature oxidation of carbon black specimens was conducted in a rotating laboratory granulator, and the oxidants used were aqueous solutions of hydrogen peroxide with a concentration of 5, 10, 15, and 20 wt%. In the first minutes of exposure to the oxidant, the pH of the aqueous suspension (pH a.s ) was lowered by 3-3.5 units. This indicates the high oxidation rate of the carbon black (Figure 2) , which is due to the small size and curvature of the carbon layers [21] . With increase in the concentration of the hydrogen peroxide solution used, the CG content increased, while at a concentration of 15 and 20% some of the CGs and PGs were converted into LGs [22] . However, because of so sharp a reduction in pH a.s , a supposition arose as to the possible influence of inorganic ions, for example sulphate ions. Their source is the free sulphur of the carbon black from the raw material and the granulation additive -technical-grade lignosulphonates. To eliminate Figure 1 . Phase contrast images of particles of carbon black K354 (1), N550 (2) , and S820 (3) the disturbing influence of inorganic anions, the extraction of oxidised carbon black specimens with distilled water was carried out, and the pH a.s was remeasured. In fact, after extraction, the pH a.s values fell to a smaller extent ( Figure 2) . The reduction in pH s.a of carbon black after its extraction was due only to protonogenic oxygencontaining groups.
In terms of the concentration of oxygen-containing groups per square metre of surface area of the carbon black (Q 1 ) (Figure 3) , convergence of the Q 1 values of oxidised S820 and K354 was revealed. As stated above, this is the consequence of the identical extent of the graphene layers and their similar functionalisation.
In the course of the oxidation of S820 carbon black, the geometric characteristics (degree of structure and specific surface) did not change ( Table 1) . The investigation conducted of the parameters of X-ray diffractometry of S820 (the initial carbon black and after oxidation by a 20% hydrogen peroxide solution) also confirmed the absence of structural changes: the interplanar distance (d 002 ) did not change and lay at the upper level of the range 0.350-0.365 nm typical of carbon black [23] . The investigated specimens comprise single-phase materials consisting of hexagonal-graphite-modification carbon.
The results of testing the filled rubber mixes and vulcanisates are given in Table 2 . Comparing the composites with unoxidised S820 (initial) and N550, it can be noted that they have similar rheological properties and strength characteristics of the rubber compounds. The oxidation of S820 led to a change in the characteristics of composites filled with it and approached the results obtained with channel black K354 somewhat. That is, there was a reduction in the proneness to scorching (which was probably due to the sorption of the vulcanising agents on the surface of the oxidised carbon black), an increase in the minimum torque (correlating with the cohesive strength), and a reduction in the nominal stress under 100 and 300% elongation, in the degree of reinforcement (s 300 /s 100 ), and in nominal strength. Here, the level of the strength characteristics of the vulcanisates with specimens of oxidised S820 was appreciably higher than for vulcanisates filled with K354 carbon black.
The durability of rubber compounds filled with the carbon blacks under comparison was assessed on a DMA 242D instrument under conditions of cyclic elongation of the test rubber compounds with an amplitude of 40 µm and a vibration frequency of 10 Hz at a temperature ranging from −60 to +60°C (with a heating rate of 3 deg/min) (Figure 4) . On the temperature curves, rubber compounds filled with K354 carbon black at subzero temperatures have a lower mechanical loss tangent (tg δ) than rubbers with other fillers. This is due to the differences in molecular weights of the rubber in the matrix phase [24] . On the DMA curves it can be seen that the glass transition temperature of a rubber compound filled with K354 carbon black is slightly higher than that of a rubber compound filled with S820. The observed effect of 'delayed' glass transition of rubber compounds filled with S820 can be attributed to the retention of highmolecular-weight fractions of natural rubber in the interphase layers. K354 carbon black, on the other hand, seems to retain low-molecular-weight fractions of the polymer in the interphase layers, and therefore the glass transition of the high-molecular-weight fractions of natural rubber remaining in the matrix phase occurs 'earlier' [25] . As the test temperature, T, increases, the temperature dependences of tg δ of rubber compounds with K354 and oxidised furnace black converge, at positive T (from +10 to +20°C) the values of tg δ become equal, and with further increase in T (in the range +40 to +60°C) the tg δ of rubber compounds with K354 increases, which can be explained by the greater heat build-up in these rubber compounds by comparison with rubber compounds with furnace grades of carbon black.
Thus, in spite of the considerable differences in the morphological characteristics of furnace black OMCARB S820 and channel black K354, as a result of thorough modification of the furnace black it is possible to reproduce the processing properties of the rubber mixes and to improve the strength and dynamic characteristics of their vulcanisates. Consequently, in future, it will be possible to replace K354 with oxidised S820 carbon black in rubber compounds based on natural rubber.
